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This  e f f o r t  i s  a  p a r t  of  t h e  G r a p h i t e  F i b e r  Risk A n a l y s i s  
Program and i s  d i r e c t e d  a t  p r o v i d i n g  d a t a  t o  e n a b l e  f o r e c a s t i n g  
t h e  exposure  t o  f a i l u r e  o f  e l e c t r o n i c  d e v i c e s .  Unprotected con- 
n e c t o r s  a r e  one  of t h e  most. v u l n e r a b l e  p a r t s  o f  an  e l e c t r i c a l  ap- 
p l i a n c e  o r  u n i t .  
Q u a r t e r  inch  q u i c k  d i s c o n n e c t  e l e c t r i c a l  c o n n e c t o r s  were t e s t e d  
by mounting on  a  board .  Four teen  c o n n e c t o r s  were spaced a t  1/4 i n c h  
(6mrn),  1/2 i n c h  ( 1 3 m )  and 3/4 i n c h  (19mm). They were exposed t o  
f i b e r s  of 3mm, 7mm and 12mm l e n g t h s  w i t h  t h e  exposure  r e q u i r e d  t o  
produce a  s h o r t  de termined.  S h o r t i n g  b a r s  were a l s o  i n c l u d e d  i n  
t h e  t e s t i n g  t o  s i m u l a t e  a  f i b e r  s h o r t i n g  from t h e  connec to r  t o  a n  
a p p l i a n c e  c a s e .  
S i x  t e s t  runs  were made a t  each f i b e r  l e n g t h .  The a v e r a g e  ex- 
posure  t o  f a , i l u r e  was p l o t t e d  a g a i n s t  t h e  r a t i o  of  F i b e r  Length/ 
Airgap.  Knowing t h e  F i b e r  Length/Airgap r a t i o  t h e  average  exposure  
t o  f a i l u r e  f o r  t h i s  t y p e  connec to r  may be  o b t a i n e d  i f  t h e  p l o t  i s  
normalized t o  t h e  number of  c o n n e c t o r s  i n  q u e s t i o n .  Lower exposures  
t o  f a i l u r e  a r e  seen  t o  t h e  r i g h t  o f  t h e  p o i n t  where t h e  f i b e r  l e n g t h  
d i v i d e d  by t h e  a l r g a p  is  one .  Below t h i s  p o i n t  m u l t i p l e  f i b e r s  a r e  
r e q u i r e d  t o  b r i d g e  t h e  gap and t h e  exposure  t o  f a i l u r e  rises r a p i d l y .  4 ,  
F i g u r e  1 4  shows a  combined p l o t  and boundary l i m i t s  o f  t h e  v a l u e s  
C 
o b t a i n e d  from it. 
1 .0  I n t r o d u c t i o n  
Th i s  work was accomplished under t h e  Graph i t e  F i b e r  Risk  
Ana lys i s  Program. I t  i s  a p a r t  o f  o t h e r  t e s t i n g  be ing  done on 
app l i ance s  and e l e c t r i c a l  d e v i c e s .  S ince  unp ro t ec t ed  connec to r s  
a r e  probably  t h e  most v u l n e r a b l e  p a r t  o f  a n  e l e c t r o n i c  u n i t  it i s  
be l i eved  d a t a  on connec to rs  w i l l  p rov ide  i n s i g h t  i n t o  t h e  exposure  u ' 
l e v e l s  a t  which e l e c t r o n i c  u n i t s  may f a i l .  The o b j e c t i v e  was t o  
s ecu re  d a t a  r e l a t i n g  t h e  exposure  t o  carbon f i b e r s  and t h e  occur-  
r ence  o f  s h o r t s  a c r o s s  electrical. connec to rs  w i t h  v a r i o u s  spac ings  
o r  a i r g a p s .  T e s t  r e s u l t s  w i l l  b e  used t o  f o r e c a s t  t h e  vu lner -  
a b i l i t y  o f  app l i ance s  and e l e c t r o n i c  u n i t s  t h a t  use  t h i s  t y p e  
connector .  
The coope ra t i on  of t h e  Rome A i , r  Development Cen t e r ,  G r i f f i s s  
AFB, New York was r eques t ed .  A l l  exposures  and measurements were 
conducted a t  t h e  Center  w i th  c a r e  and p r e c i s i o n .  The a s s i s t a n c e  of  
M r .  Q. P o r t e r ,  M r .  J. Pa r ry  and t h e  Rome A i r  Development Cen te r  is 
g r e a t l y  a p p r e c i a t e d .  
Exposed c i r c u i t s  on c i r c u i t  boa rds ,  uncoated c o n t a c t s  and un- 
covered connec to rs  a r e  t h e  a r e a s  most s u s c e p t i b l e  t o  carbon f i b e r  
contaminat ion i n  e l e c t r o n i c  d e v i c e s .  Connectors  were i n v e s t i g a t e d  
r e l a t e  t h e  exposure  t o  f a i l u r e  and t h e  s i z e  o f  t h e  a i r g a p  be- 
tween t h e  connec to rs .  The s t a n d a r d  Quick Disconnect  Connector 
( s e e  F i g u r e  1 and t h e  s k e t c h  below) 
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was s e l e c t e d  f o r  t e s t i n g  because  o f  i t s  wide u s e  i n  a p p l i a n c e s  and 
e l e c t r o n i c  d e v i c e s .  V o l t r e x  t y p e  CFS, 1/4 i n c h  t a b ,  v i n y l  i n s u l a t e d  
t e r m i n a l s  w i t h  i n s u l a t i o n  removed were used.  R e s u l t s  of  t e s t i n g  
a r e  t o  be used i n  d e t e r m i n i n g  t h e  exposure  a t  which a p a i r  o f  con- 
n e c t o r s  w i l l  become s h o r t e d .  Knowing t h e  s i z e  o f  t h e  a i r g a p ,  t h e  
$ - *  
l e n g t h  of t h e  f i b e r s  and t h e  t o t a l  number of  c o n n e c t o r s  a n  exposure  
to  f a i l u r e  c a n  be f o r e c a s t .  
2.0 T e s t  P l a n  
2 .1  Methcd o f  T e s t  
A t e s t  board w a s  c o n s t r u c t e d  and is  p i c t u r e d  i n  F i g u r e  2 .  
Three sets of f o u r t e e n  connec to r s  spaced a t  1 / 4 ,  1 /2 ,  and 3/4 i n c h  
( 6 m ,  13mm and 19mm r e s p e c t i v e l y )  were mounted w i t h  t h e  f l a t  s i d e  
of t h e  connec to r s  f a c i n g  up. Another t h r e e  sets were mounted 
v e r t i c a l l y  w i t h  t h e  edge p o i n t e d  up. A s h o r t i n g  b a r  t o  s i m u l a t e  
t h e  c a s e  o f  a u n i t  was mounted below each row o f  c o n n e c t o r s .  The 
connec to r s  w e r e  exposed t o  Celanese  GY-70  f i b e r s  o f  3mm, 7mm, and 
12mm l e n g t h s .  
2.2 T e s t  C i r c u i t  D e s c r i p t i o n  
The c o n n e c t o r s  had 115VAC a p p l i e d  and were connected  t o  a c u r r e n t  
l i m i t e d  l a t c h i n g  c i r c u i t  w i t h  a l i g h t  e m i t t i n g  d i o d e  i n d i c a t i o n .  
The c i r c u i t  was des igned  t o  l a t c h  upon d e t e c t i n g  t h e  f i r s t  s h o r t .  
The f i r s t  f a i l u r e  on each o f  t h e  12 c i r c u i t s  ( s i x  sets of c o n n e c t o r s  
and s i x  combinat ions  of  c o n n e c t o r s  t o  s h o r t i n g  b a r )  was s i g n a l l e d  
by t h e  l i g h t  e m i t t i n g  d iode  (see F i g u r e  3 ) .  
Every t e n  seconds ,  d u r i n g  t h e  r u n ,  t h e  twelve  c h a n n e l s  w e r e  
scanned w i t h  a scanner  and v o l t m e t e r  and t h e  d a t a  w e r e  s t o r e d .  A t  
t h e  end of e v e r y  t e n  second p e r i o d  t h e  l i g h t  e m i t t i n g  d i o d e  reset 
switch was opened for 100 milliseconds to determine if the short 
was still present. Only the exposure at the first short was used 
in the analysis. Events where a short occurred and then fell off 
the connectors, was repelled or quit being a short were not con- 
sidered. The response time of the test circuit was less than 17 
milliseconds. 
The data was also investigated to find the effect of not using 
exposures causing shorts of less than twenty seconds duration. This 
resulted in a slight change in the curve. The curve to the left 
of the Fiber Length/Airgap ratio of one was slightly changed. The 
portion to the right favored higher exposures by a factor of two. 
An example of one plot is shown in Figure 15. The original curve 
of Figure 6 is shown with a plot altered by requiring all shorts 
to last at least twenty seconds. 
Exposure to fibers was continued until all circuits were shorted, 
or until an exposure of lo8 fibers-seconds/meter3 was reached. Six 
runs were made at each fiber length and concentration was held be- 
tween lo3 and lo5 fibers/meter3. Runs were made with the shorting 
bars horizontal (see Figure 2) and then repeated with the board 
rotated 90° and the bars vertical (see Figure 4). 
Figure 5 shows a flow diagram of the test procedure. Appendix 
A shows circuit resistance parameters and operational characteristics. 
3.0 Data Analysis 
3.1 Average exposures to failure (E) were calculated from the 
raw data and are shown for each fiber length, for each air gap spacing 
and for the various shorting possibilities of a connector to connector 
I 
or connector to bar. T,able 1 shows the E's and diagrams of the 
connector and b a r  o r i e n t a t i o n s .  Each average is based on s i x  tes t  
runs and 3 computed a s :  
C 6 Exposures 
I n  runs where no f a i l u r e  s ccu r r ed  E was c a l c u l a t e d  by sub- 
t r a c t i n g  t h e  number of  runs wi th  no f a i l u r e  from t h e  denominator, 
For i n s t ance  i f  two of  t h e  s i x  runs  had no f a i l - u r e  
- 
c 6 Exposures 
E = 6-2 
This  method of accounting f o r  r u n s  wi th  no f a i l u r e s  was de- 
veloped by t h e  B a l l i s t i c s  Research Laboratory.  Appendix B i s  an 
e x t r a c t  from B a l l i s t i c s  Research Laboratory,  Aberdeen Maryland, 
Report dated 31 Ju ly  1978, which e x p l a i n s  t h e  c a l c u l a t i o n .  
3.2 I n  ana lyz ing  t h e  d a t a ,  a r a t i o  of  f i b e r  l eng th  d iv ided  
by a i r g a p  was c a l c u l a t e d .  This  makes t h e  d a t a  non dimensional  and 
may al low e x t r a p o l a t i n g  t h e  d a t a  t o  o t h e r  spacings  and f i b e r  l e n g t h s .  
F igures  6 through 13 show t h e  d i f f e r e n t  p l o t s .  
Curve p a i r s  6 & 10 and 7  & 11 a r e  s i m i l a r  w i th  a  maximum v a r i -  
a t i o n  of approximately one h a l f  o rde r  of  magnitude. These fou r  
curves  a r e  from runs w i th  t h e  connector rows and s h o r t i n g  b a r s  
ho r i zon ta l .  The o t h e r  curves d e p i c t  d a t a  from t h e  connectors  l i n e d  
up i n  a v e r t i c a l  row and showed a  h ighe r  exposure t o  f a i l u r e  wi th  
longer  l eng th  f i b e r s  by s l i g h t l y  l e s s  than  an o r d e r  of  magnitude. 
This should be  expected s i n c e  t h e  t o p  connectors  s h i e l d e d  those  be- 
low it i n  t h e  v e r t i c a l  column. 
The spread of p o i n t s  on t h e  r i g h t  hand s i d e  i n  curves  1 2  and 
13 i n d i c a t e s  more random cap tu re  c h a r a c t e r i s t i c s  and h igher  of a  
v e r t i c a l  s h o r t i n g  b a r  o r  app l iance  ca se  a s  opposed t o  a h o r i z o n t a l  
one. 
3.3 By combining a11 e i g h t  curves  on one c h a r t  and forming 
am envelope from t h e  h i g h e s t  and lowest  p o i L i t s ,  t h e  upper and lower 
l i m i t s  of F igu re  1 4  a r e  formed. A 1 1  p o i n t s  from t h e  previoue f i g u r e s ,  
" 8  
except  Figure  12 and 13 ,  l i e  w i t h i n  t h e  envelope.  The c e n t e r  curve 
represensis  a numerical average of t h e  E1s  f o r  a l l  t h e  connector and 
connector t o  s h o r t i n g  ba r  con f igu ra t ions .  
I t  is b e l i e ~ r e d  t h i s  curve can be used t o  f o r e c a s t  equipment 
v u l n e r a b i l i t y  w i th in  t h e  l i m i t s  shown. I n  any f o r e c a s t  it should 
be remembered fou r t een  connectors  were used. A s h o r t i n g  b a r  of 
b r a s s  shee t  metal  1% inches  wide by 1 4  inches  long was placed below 
o r  bes ide  t h e  connectors.  Pf an appl iance  has more o r  less connectors  
t h e  E should be  ad jus ted .  
4 . 0  Conclusions 
V e r t i c a l l y  placed connectors ,  one under t h e  o t h e r ,  a r e  less 
vulnerab le  t han  h o r i z o n t a l l y  placed connectors  by almost  an o r d e r  
of magnitude when t h e  f i b e r  l eng th  i s  longer  t han  t h e  a i r g a p  and 
t h e  r a t i o  of F iber  Length/Airgap i s  g r e a t e r  than  one. 
The o f  quick d i sconnec t  connectors  i s  p r e d i c t a b l e  depending 
on t h e  a i rgap .  Exposure t o  f a i l u r e  r i s e s  r a p i d l y  a s  t h e  F ibe r  Length/ 
Airgap r a t i o  g e t s  sma l l e r  s i n c e  m u l t i p l e  f i b e r s  a r e  r equ i r ed  t o  
b r idge  the  a i r g a p  when t h e  r a t i o  i s  less than  one. 
Knowing t h e  f i b e r  l eng th  and a i r g a p  F igure  1 4  can be used t o  
f o r e c a s t  t h e  average exposure t o  f a i l u r e  w i t h i n  t h e  l i m i t s  shown. 
F igure  1 4  is  c a l c u l a t e d  f o r  seven p a i r s  of connectors  and t h e  E 
should be ad jus t ed  by d i v i d i n g  exposure by seven i f  only  one p a i r  
is being used. For other connectors, surface area should be con- 
sidered. 
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NOTE: The x denotes a i r  gap analyzed f o r  shor t .  
Sketch shows o r i e n t a t i o n  of t h e  row of connectors and shor t ing  bar .  
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CONNECTOR TO CONNECTOR 
W(C un-  
\\ CURVE REQUIRING 
I'AL SHORTS TO LAST 
F I G U R E  G \ \  
F I B E R  LENGTH/AIRGAP 
F I G U R E  15 
C I R C U I T  RESISTANCE PARAMETERS 
Channel R e s i s t a n c e  t o  f i re  LED w i t h  Re-  
p e a t e d  Making and Breakinq 
1 Connector t o  Connector  ( & I 1 )  1 8 . 9  K 
1 Connector  t o  Bar ( & " )  18.6 K 
2 Connector  t o  Connector ( % I 1 )  
2 Connector t o  Bar ( 4 " )  
3 Connector t o  Connector  (3/4 'I) 
3 Connector t o  B a r  (3 /4")  
4 V e r t i c a l  Connector t o  Connector  (4 " )  
4 V e r t i c a l  Connector t o  Bar ( & I 1 )  
5 V e r t i c a l  Connector t o  Connector ( + I 1 )  
5 V e r t i c a l  Connector t o  Bar ( + I 1 )  
6 V e r t i c a l  Connector t o  Connector (3/411) 
6 V e r t i c a l  Connector t o  Bar (3/411) 
APPENDIX A-1 
Srlmmary o f  Ope ra t i ona l  C h a r a c t e r i s t i c s  
s f  Quick Disconnect  Board 
1, A l l  channe l s  a r e  s chema t i ca l l y  i d e n t i c a l .  
2. A 1 1  channe l s  have t h e  c a p a c i t y  t o  l i m i t  c u r r e n t  t o  20 ma RM6. 
3 .  T o t a l  i n p u t  c u r r a n t  is  fu sed  a t  1 ampere. 
4 .  The c i r c u i t  w i l l  d e t e c t  onLy t h e  f i r s t  f i b e r  t h a t  f a l l s  a c r o s s  
a  p a i r  o f  c o n t a c t s ,  The l i g h t  emit t i f ig  d iode  w i l l  t hen  f i r e  
and l a t c h .  
' Subsequent f i b e r s  canno t  be d e t e c t e d  u n l e s s  t h e  f i r s t  f i b e r  
burns  o u t  o r  f a l l s  o f f  t h e  c o n t a c t s  and t h e  c i r c u i t  is  r e s s t .  
6. I f  t h e  c i r c u i t  i s  r e s e t ' w i t h  a f i b e r  s t i l l  a c r o s s  t h e  c o n t a c t s ,  
t h e  l i g h t  e m i t t i n g  d iode  w i l l  n o t  be ex t i ngu i shed .  
7. Any f i b e r  whose r e s i s t a n c e  p l u s  c o n t a c t  r e s i s t a n c e  e q u a l s  
15,500 ohms o r  less w i l l  be  d e t e c t e d  excep t  a t  channel  3 con- 
n e c t o r s .  (see APPENDIX 8-11 
8. Tes t i ng  shows t h a t  any channel  may be  o c c a s i o n a l l y  f i r e d  by a  
s h o r t  o f  50,000 ohms. 
9. Tes t i ng  shows t h a t  s h o r t s  of  300 ohms cause  r e l i a b l e  f i r i n g s ,  
S h o r t s  lower t han  100  ohms w i l l  cause  channel  i n t e r a c t i o n ,  i . e .  
o t h e r  channe l s  may be f i r e d .  
1 0 .  The c i r c u i t  is  n o t  a f f e c t e d  by power l i n e  s u r g e s  o r  a i r b o r n e  
e l ec t romagen t i c  t r a n s i e n t s ;  h o ~ .  ver quiet power l i n e s  and 
enviror~,.:ent should  be provided f o r  b e s t  o p e r a t i o n .  
TEST DATA ANALYSIS 
Es t ima te  of  t h e  Exposure t o  F a i l u r e  
To de te rmine  t h e  b e s t  e s t i m a t e  o f  t h e  average  exposure  t o  
f a i l u r e ,  E ,  assuming t h e  s i n g l e  f i b e r  model ( e x p o n e n t i a l ) ,  t h e  
maximum l i k e l i h o o d  e s t i m a t e  i s  used ,  t h a t  is 
where n  is  t h e  t o t a l  number o f  exper iments ,  Ei i s  t h e  exposure  t o  
which t h e  ith test  is  r u n ,  and rn i s  t h e  number of f a i l u r e s .  The 
s p e c i a l  c a s e  where t h e r e  a r e  no f a i l u r e s  i s  t r e a t e d  l a t e r .  
Examples 
Applying t h e  above methodology t o  example d a t a ,  w e  compute t h e  
p o i n t  e s t i m a t e s  of t h e  exposures  t o  f a i l u r e  and t h e n  u s e  t h e  p o i n t  
e s t i m a t e  t o  c o n s t r u c t  t h e  conf idence  l i m i t s  f o r  t h e  exposure  t o  
f a i l u r e .  
The same v a l u e s  of  Ei a r e  used i n  each example t o  i l l u s t r a t e  
t h e  e f f e c t  of  "no mal func t ion" ,  ( r u n s  t h a t  d i d  n o t  f a i l )  on < E > .  
Example 1. 
I t e m  A i s  t e s t e d  f i v e  ( 5 )  t i m e s  and m a l f u n c t i o n s  ( f a i l s )  eve ry  
time a t  t h e  Ei shown. 
T e s t  Number 
- 
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Example 2 .  
I t e m  B i s  tested f i v e  ( 5 )  t i m e s  and mal func t ions  on t h r e e  ( 3 )  
tests. On t h e  two tests where t h e r e  were no m a l f u n c t i o n s ,  t h e  tests 
were t e r m i n a t e d  a t  Ei,  shown a s  ( c E . ) .  
1 
T e s t  Number 
1 x 1 0  6 
7 (>1 x 1 0  ) no m a l f u n c t i o n  
5 x l o 6  
5 x l o 6  
6 (>8 x 10 no m a l f u n c t i o n  
m =  3 
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